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Coating 
Performance 

inDuluth 
Superior 

Harbor—Part 1 
RICHARD L RAY AND B REND A J. LITTLE, FNACE, 

.VenalResearch Laboratory, Sltnnis Spart tknttr, Mississippi 

Nine coatings were evaluated for corrosion 

protection of carbon steel coupons and I-beams 

around Duluth Superior Harbor after 46 and 35 

months, respectively. Coupons were intentionally 

scribed to metal before exposure. Part 1 of this 

article describes tl'e coatings used and the locations 

of coupons and l-beams. Part 2, to be published in 

tin- October 2012 issue of MP, will discuss the 

results of the evaluation. 

Sixtwn mile* (26 km) e»IYarlx»n mrcl 

(CS) »heel piling (12-iiim thick 

A328' cold rolled: uacd tor dock», 

bridge», and bulkhead* in the 
Dultilh Siqierior Harbor (DSH| in Min- 

nesota and Wiscontin arc corroding at an 
accelerated rate of 3 inni/y or higher. 

Filing« 30 years old or older arc riddled 

with through-wall pitting :Figure.« l|a] 

and |b| i. 

'Hie comaled pilings have an orange, 

rusl\ appraraurr eharaeteri/.ed by lu- 
lierele* (i.e., corrosion product* and de- 

ixjsiu covering area* of localized corro- 

sion |l"igures 2;'a.) and [)>)]:. 

Diver« reported that tubercles were 

randomly di»rrihnfcd from the wntrrtinr 

to -3 m below the «urfaee. Tubercle» 
varied in diameter from a few millimeter* 

to several centimeters und when re- 

moved, forge and often deep pi« werr 

exposed. Divers also reported thai the 
attached zebra mu*«cl j/kvM pohmor 

pita) population wa» dense and few tuber- 

cle* wrre observed below 3 m. Zrhrn 

mussel» are small, liiigvmail-si/ccl mussel* 
native to the Caspian Sea. 'ITiey wen» first 

olwcrvcd in 1-akc St. (Hair, Minnesota in 

1088 and have since spread to all of the 

Girat I-ikes. 

DSU. located at ihe exircmc western 

end of Like Superior, is a fresh water 

harbor with mg/1. concentration» of 

sull'ulc :S()(*;. DSH i« polymilic (i.e., 

seiche* or free-standing wave oscillations 

arc almost always present, suspending 
paniculate* into (he water columni. DSU 

i* iceIXHIIKI from mid-December (o mid- 

April and during that time has a durable, 

well-delined ice cover. DSH experience* 
ftrere ice thicknesses that range from 0..S 

to 1.1 m, as well as snow ice. stack let. 
and ice from wavr and splash action 

along harbor walls. 

Ray. ct al." reponcd that a combina- 
tion of biological, rhemical, and plrysical 

events contributed to the corrosion ofCS 
pilings in DSU. Dense deposits of iron- 
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COATINGS &   LININGS 

Corrosion of pilings in DSH  Photos courtesy of Gene Clark. 
Wisconsin Sea Grant Program. (,j 

(a) Wet corrosion tubercles and (b) dry corrosion tubercles on 
pilings in DSH. 

FIGURE 3 
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; ?.' N o s dialing Performuna in Dului/i Suftenor Harbor   Pail 1 

FIGURE 4 
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DSH sample locations, CGB-1, CGC-1 (coupon«), and the Duluth Seaway Port 
Authority Facility Cl-beams) 

Coupon coating descriptions 

Tray Number: 5 
Location: CGB-1 
Slot 

1 

2 

3 

4 

5 

B 

Tray Number: 6 
Location: CGC-1 
Slot 

1 

2 

3 

4 

6 

7 

6 

Sample 
Designation 

CGB-1-01 

CGB-1-02 

CGB-1-03 

CGB-1-04 

CGB-1^5 

CGB-1-06 

CGB-1-07 

CGB-1-Oe 

Sample 
Designation 

COC-1-01 

CGC-1 -02 

CGC-K8 

CGC-1-04 

CGC-1-05 

CGC-1-06 

CGC107 

CGC-1 08 

Product 

Bare steel 

Bare steal 

Ban staaJ 

Bare steel 

1 

6 

7 

4 

Product 

Bare steel 

Bare steel 

Bare steel 

Bare steel 

Product Chemistry 

White two-pert sdvent- 
rrcc poiyominc cpoxy 

Wnrte epoxy srrsne 
(one coat) 
Biuck cjbii Koke 
rein forced epoxy 

Groan twe-part 
poiyominc cpoxy 

Product Chemistry 

Green two-part 
pciyarrsne epoxy 

Fled urcthenc micaceous 
iron uxxles/'cfiiKxi coat 
tar 

Blue/grey nnc primer/ 
vinyi copolymers 

VmRe twe-part sdvent- 
frae noiya mine epoxy 

oxidizing bacteria produced tubercle», 
creating condition* for On precipitation 
miCSsurfaces. Ice scoring disrupted the 
tubercles arid exposed localized areas of 
Cu-covcrvd CS to oxvgvu (O,,). The re- 
sulting galvanic rell produced aggresrivr 
localized corrosion. Barrier coalings 
provide, one option for protection of 
extensive structures, in fresh vvuicr. Al 
Beiielnwn (mired), fomier director nfthc 
"aim Technology Center at the U.S. 
Construction Engineering Research 
Laboratory iCERLi {Champaign. Illi- 
nois;, selected the following coatings for 
this evaluation (hcivalU-r referred lo In 
their corresponding numbers}: 

1 AquauurcHR, 

2 ChevTonFhflKps'IV.Ot)W 
/i Coal tur ejKixx 
4 Humidor Ml.' 
(i U,wr MC-zinc/MC-tar 
6 Sherwin-Williams Fast clad ER' 
7 Sltcrwin-Y\ illi.un.s Slier glass cpoxy' 
8 Standard cpoxy 
9 Zinc-rich prinier VZ108/V766 

Methods and Materials 
Divers from AMI Consulting F.ngi- 

neerx (Superior. Wiw-ouxiti) installed trays 
for coupons and J-bcam*. Eight sample 
iia\-ii-oiiiaiiiingcii;hi E5 by 7.5 by 1.2-in 
(114 by 100 l>y AO-mm; thick AS2R steel 
sample coupons per tray (.Figure 3; were 
prepared. 

Each sample iray contained lour 
coated and four uncoatcd steel coupons. 
A report' prepared for the CS. Army 
C in ps of Engineers provide» details about 
tray and coupon ittstallation. Trays and 
coupons were installed on Xovcmlxr 7. 
8, and 13.2007. Coii|x>ris were, retrieve«! 
from two locations, L.S. Coast Guard 
Cell I) (OGB-I) and IJ.S f:oa«t Guard 
Cell C 'CGC-1; (Figure 4; on September 
20,2011. Table 1 presents coupon coat- 
ing descriptions. 

Trays designed to contain I-l»eams, 
(i by 7 1/4 by Mi in (I.V.» by 184 by 9-14 
mm;, were prepared {Figure ">) and in- 
stalled at tin- Duluth Seaway I'ou Au- 

Trailr nuiiir. 
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FIGURES 

thority Facility (Figurr 4) in September 
21MIH. Table 2 provide* I-I>cant < ontinip« 
lies« riptions. 

I-beams were retrieved from the 
original location at lite Duluili Seaway 
Port Authority l-'ariKty in late August 
'.'(•III and Mihtncrged in plastic barrels for 
outside storage through one more winter. 
Ihes «etc sent lit lite U.S. Naval Re- 
search Laboratory at Stcnni« Spare 
CentertMixMKsippii in October 2011. 

Summary 
A eonthi nation of biological, ebemieal, 

and physical event* have contributed to 
accelerated corrosion of 16 mill-« of CIS 
sheet pilinu in DSU. A «cries oJ couUnxs 
were tested on CS coupon» and I-beams 
lei evaluate their elleciiwues* in pn-t rul- 
ing the localized corrosion. Pan 2 of this 
article, to IK published in October 2(112 
Afl'. will detail the results of the coatings 
evaluation. 
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I-beam sample tray design and installation. 

TABLE 1 

I-beam coating d 

Product Chemistry 

White twe-part solvent-free potyamine epoxy 

Light greerVwHte two-part epoxy 

Grey two-part coal tar pofyamlde epoxy 

Green two-port pok/ominc epoxy 

Red urefhane micaceous iron codes and 
refined coal tar 

White amine epoxy (one coat) 

Black glass flake reinforced epoxy 

Black two part pofyarnide opoxy/anc pnmer 

Blue/grey Tine prirner/virryl copdymer 
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About the Cover 
The Beachside Corrosion Test Site at 
NASA's John F. Kennedy Space Center 
(KSC) Beachside Atmospheric Corrosion 
Test Facility includes 600 ft (183 m) of 
test rack« located 100 ft (30 m) from the 
Atlantic Ocean and -1 mile (1.6 km) from 
KSC's rocket launch sites. The NASA 
Corrosion Technology Laboratory at KSC 
launched a study of corrosion exposure 
testing to determine if a correlation could 
be made between marine atmospheric 
exposure tests and accelerated corrosion 
tests. See the feature article on p. 28. 
Photo courtesy of NASA. 
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